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Abstract: Nature contacts are recognized as positively contributing to humans’ health and well-being.
Although there have been projects to green daycare or schoolyards, yard greening and microbial
biodiversity have never been studied simultaneously. We asked whether simultaneously increasing
biodiversity exposure and greening urban daycare yards affects 3–5 years-old children’s physical
activity and play, their environmental relationships, and their perceived well-being. For transforming
six daycare yards in Finland, we used a forest floor with high biodiversity, sod, peat blocks, and planters
for vegetable and flower growing. We used qualitative interview and survey-based data collected
from the daycare personnel and parents to analyze how green yards encourage children’s engagement
with their everyday life-worlds. We identified the functional possibilities provided by the yards
and the dynamic aspects related to the greening. Green, biodiverse yards were considered safe,
and inspired children’s play, diversified their activities, and increased physical activity. The greenery
offered embodied experiences of nature and provided the children with multi-sensory exploration
and diverse learning situations. The dynamic and emotional ways of engaging with the natural
environment increased their well-being. The activities related to caring for the yards and exploring
them promoted the development of environmental relationships. The results can be used for designing
health-enhancing yards
Keywords: affordance; children; well-being; physical activity; environmental relationship; green
space; biodiversity
1. Introduction
In urbanized societies, children’s opportunities to connect with nature in everyday life have
diminished as the number of natural areas has decreased, and the level of children’s independent
mobility has declined [1,2]. While acknowledging the inextricable links between human health and
the health of natural systems [3], contact with nature is recognized as positively contributing to
children’s and adults’ psychological, physiological and social well-being and health [4–6]. For instance,
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interacting with nature increases self-esteem and mood and has positive effects on emotions and
behavior. Natural areas are restorative and contribute to attentional recovery and the reduction of
mental fatigue [7–9]. Exposure to nature has positive effects on both adults’ and children’s concentration,
academic performance, and the ability to perform mentally challenging tasks [10–12]. In terms of
physiological benefits, studies conducted among adults and children show that contacts with nature
alleviate the negative effects of various stressors in urban environments [12,13], and natural settings
activate people to move [14]. Physical activity benefits not only mental and physical health, but also
general child development, because movement stimulates brain development [15].
Furthermore, exposure to greenness in early childhood is associated with benefits to the immune
system and health [16]. Contact with diverse environmental microbiota affects the human commensal
microbiota and drives effective functioning of the immune system that persists into adulthood.
Decreased biodiversity, due to high hygiene levels and modern urban lifestyles, may result in
imbalanced human microbiota and a higher risk of immune-mediated diseases, such as allergies,
asthma and Type 1 diabetes [17,18]. Recent evidence also suggests that gut microbiota might play a
potential role in mental health through neurotransmission pathways [19].
In urbanized societies, school or daycare grounds can be one of the primary opportunities for
children’s contact with nature and highly important for their social, emotional, physical and cognitive
development [20,21]. The umbrella term ‘greening’ is used to include a range of changes, including
naturalization, habitat restoration, tree planting, food gardening, and similar efforts to bring nature
back to urban space [22].
The benefits of green school or daycare yards include increased play opportunities and more
creative, unorganized ‘free’ play [23–26], which is more inclusive for children of different sexes,
ages and competences than play in barren settings [22,27–29]. Green yards have been found to
enhance relationships with the natural world and heighten environmental concern [24,30]. Green
yards have enhanced children’s attentiveness [31–33], increased learning opportunities, and improved
children’s student performance [34,35]. Furthermore, green yards have promoted children’s physical
activity [29,36,37] and motor development [38], and enhanced physical and mental health [31,39].
Green yards have been associated with reduced physiological stress levels, higher self-reported
psychological well-being [40] and restorativeness [41], as well as with healthier body shape and longer
night sleep [42]. Despite intensive research, yard greening and microbial biodiversity have never
been studied simultaneously although having hands in the soil and playing with biodiverse materials
presumably increases children’s contact with diverse environmental microbiota, diversifies their skin
microbiota and may benefit health [43–45].
In this study, we examined whether simultaneously increasing biodiversity exposure and
greening daycare yards is perceived to affect 3–5 years-old children’s physical activity and play, their
environmental relationships, and their well-being in the urban environment in Finland. We applied the
concept of ‘affordance’ [46] to analyze how green yards encourage children’s engagement with their
everyday life-worlds and enhance well-being in daycare centers. We were also interested in how direct
engagement with green yards may provide experiences that support the development of a dynamic
relationship between children and their surroundings.
2. Materials and Methods
2.1. Theoretical Framework
James J. Gibson’s [46] concept of affordance has been applied in diverse ways in studies of
children’s outdoor play in natural environments [27,47–50]. Basically, the concept points to the material
possibilities and restrictions emerging from the environment, which are perceived as functionally
meaningful units—for instance, as surfaces to be climbed or objects to be lifted [46,48]. In the ontology
and epistemology of the concept of affordance, the immediate interaction between the environment
and the perceiver is central: Affordances exist in relation to the perceiver, but cannot be constructed
Int. J. Environ. Res. Public Health 2019, 16, 2948 3 of 16
subjectively by the perceiver [46]. Furthermore, theoretical tension has existed between those who
see affordances as available resources and those who see them as relational [51]. Recent studies
on children’s outdoor play have highlighted that it is important not to concentrate more on the
characteristics of an environment than on those of children [47].
In the relational tradition of applying the concept of affordance, children are seen as active and
influential participants in their own life-worlds, and the relationships between children and their
surroundings are formed in the processes of everyday living and curious play [47,52]. This approach
resembles the phenomenological approaches to play, which do not see the surrounding environment as
a separate object but as something children take with them into their own experiences [53]. Relational
and phenomenological approaches see the richness of the concept of affordance as relating to the role
of pre-reflexive bodily sensing and the development of skills [54], which are highlighted in children’s
relationships with their life-worlds [47,52]. According to Ingold [55] (p. 168), “Gibson assumed
that the world which the perceiver moves around in and explores is relatively fixed and permanent,
somehow prepared with all its affordances ready and waiting to be taken up”. From the relational
and phenomenological standpoints, in contrast, the world emerges with its properties alongside
the emergence of the perceiver in person, against the background of involved activity [55] (p. 168).
Children investigate their surrounding nature by intertwining with the environment and creating
simultaneously novel affordances that invite them to curiosity and wonder [47].
In this paper, we apply a relational approach to affordances in order to pay attention to how the
greening of daycare yards with biodiverse materials is perceived to affect children’s physical activity
and play, their well-being and environmental relationships—and to understand better teachers’, child
nurses’ and children’s role in this process.
2.2. Study Setting
We analyzed how green yards with diverse vegetation and high microbial load encourages
children’ engagement with their everyday life-worlds and enhance well-being in daycare centers
that are located in urban areas in southern Finland. The yards were transformed by replacing areas
covered by mineral soil materials, such as gravel, with forest floor (around 100 m2 per yard, provider
Piiraisen Kuntta Oy, Kajaani, Finland), sod (around 200 m2 per yard, provider Mesiän Siirtonurmi,
Hämeenkoski, Finland), peat blocks (provider Kekkilä Oy, Vantaa, Finland), and planters for vegetable
and flower growing (Figure 1). Due to the transferability of the materials, it took only one night to
green the yards. The materials were easy to find and relatively inexpensive. The personnel introduced
the green materials into the children’s various activities with the help of tips from an environmental
educator (including a written description of 13 nature-based activities, several crafting ideas, and links
for further information). The children also used the yard freely when they spent time outdoors every
day (0.5–2 h in the morning and in the afternoon).
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The forest floor mat was transplanted as vegetated 10 m2 pieces of soil surface (Ø 10 cm).
The vegetation consisted mainly of edible dwarf shrubs, such as crowberry (Empetrum nigrum),
blueberry (Vaccinium myrtillus), lingonberry (Vaccinium uliginosum), and heather (Calluna vulgaris),
an abundant moss layer (major taxa comprising Pleurozium schreberi, Hylocomium splendens, Dicranum sp.,
Shpangnum sp.), and wooden plant parts, such as Scotch pine (Pinus sylvestris) cones and sticks. These
species were naturally growing on the forest floor, and they belong to the most widespread species in
boreal vegetation zone. The sod consisted of fescues (Festuca sp.) and meadow grasses (Poa sp.).
The bacterial load of the forest floor was a magnitude higher than that of the mineral soil
materials (Figure 2; molecular biological analytical methods in [56–58]). The composition of the
bacterial community of the transformed and non-transformed yards was different (Figure 3; Table 1;
statistical analyses, i.e., non-metric multidimensional scaling, PERMANOVA, and t-tests described
in [44,59,60]). Importantly, the abundance of phyla Proteobacteria and Bacteroidetes in the modified
and non-modified yards was different; changes in the abundance of these taxa have previously been
associated with immune system modulation or disorders [18,61,62].
Int. J. Environ. Res. Public Health 2019, 16, x FOR PEER REVIEW 4 of 16 
 
moss layer (major taxa comprising Pleurozium schreberi, Hylocomium splendens, Dicranum sp., 
Shpangnum sp.), and wooden plant parts, such as Scotch pine (Pinus sylvestris) cones and sticks. These 
species were naturally growing on the forest floor, and they belong to the most widespread species 
in boreal vegetation zone. The sod consisted of fescues (Festuca sp.) and meadow grasses (Poa sp.). 
The bacterial load of the forest floor was a magnitude higher than that of the mineral soil 
materials (Figure 2; molecular biological analytical methods in [56–58]). The composition of the 
bacterial community of the transformed and non-transformed yards was different (Figure 3; Table 1; 
statistical analyses, i.e., non-metric multidimensional scaling, PERMANOVA, and t-tests described 
in [44,59,60]). Importantly, the abundance of phyla Proteobacteria and Bacteroidetes in the modified 
and non-modified yards was different; changes in the abundance of these taxa have previously been 
associated with immune system modulation or disorders [18,61,62]. 
 
Figure 2. Bacterial numbers in the forest floor, unused playground sands, and samples from daycare 
yards taken before transforming the yards. 16S copies = copies of bacterial 16 S rRNA sequences per 
0.250 g sample; gdw = gram dry weight. 
 
Figure 3. Non-metric multidimensional scaling (NMDS) at the OTU level showed that bacterial 
communities differed after the daycare yards were transformed with green materials. Triangle = 
mineral soil, Circle = sod, and Square = forest floor. OTU = operational taxonomic unit with a 97% 
identity, an operational definition used to classify groups of closely related individuals. OTU is often 
used as a synonym of bacterial species. 
Figure 2. Bacterial numbers in the forest floor, unused playground sands, and samples from daycare
yards taken before transforming the yards. 16S copies = copies of bacterial 16 S rRNA sequences per
0.250 g sample; gdw = gram dry weight.
Int. J. Environ. Res. Public Health 2019, 16, x FOR PEER REVIEW 4 of 16 
 
moss layer (major taxa comprising Pleurozium schreberi, Hylocomium splendens, Dicranum sp., 
Shpangnum sp.), and wooden plant parts, such as Scotch pine (Pinus sylvestris) cones and sticks. These 
species were naturally growing on the forest floor, and they belong to the most widespread species 
in boreal vegetation zone. The sod consisted of fescues (Festuca sp.) and meadow grasses (Poa sp.). 
The bacterial load of the forest floor was a magnitude higher than that of the mineral soil 
materials (Figure 2; molecular biological analytical methods in [56–58]). The composition of the 
bacterial community of the transformed and non-transformed yards was different (Figure 3; Table 1; 
statistical analyses, i.e., non-metric multidimensional scaling, PERMANOVA, and t-tests described 
in [44,59,60]). Importantly, the abundance of phyla Proteobacteria and Bacteroidetes in the modified 
and non-modified yards was different; changes in the abundance of these taxa have previously been 
associated with immune system modulation or disorders [18,61,62]. 
 
Figure 2. Bacterial numbers in the forest floor, unused playground sands, and samples from daycare 
yards taken before transforming the yards. 16S copies = copies of bacteri l 16 S rRNA sequences per 
0.250 g sample; gdw = gra  dry weight. 
 
Figure 3. Non-metric multidimensional scaling (NMDS) at the OTU level showed that bacterial 
communities differed after the daycare yards were transformed with green materials. Triangle = 
mineral soil, Circle = sod, and Square = forest floor. OTU = operational taxonomic unit with a 97% 
identity, an operational definition used to classify groups of closely related individuals. OTU is often 
used as a synonym of bacterial species. 
Figure 3. Non-metric multidimensional scaling (NMDS) at the OTU level showed that bacterial
communities differed after the daycare yards were transformed with green materials. Triangle =
mineral soil, Circle = sod, and Square = forest floor. OTU = operational taxono ic unit with a 97%
identity, an operational definition used to classify groups of closely related individuals. OTU is often
used as a synonym of bacterial species.
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Table 1. Permutational Multivariate Analysis of Variance showed that the intervention changed
the community composition of bacteria in the daycare yard at the OTU level and that the bacterial
communities in the material types differed (mineral soil, sod, forest floor).
Df Sums of Sqs Mean Sqs F. Model R2 p Value
intervention 1 1.73470000 1.73468 7.74250000 0.30811 0.001
material type 1 0.9829 0.98286 4.3868000 0.17457 0.001
residuals 13 2.912600000000 0.22405 0.51732
total 15 5.6302000 1.00000
OTU: operational taxonomic unit with a 97% identity; Df: degrees of freedom; Sqs: sum of squares.
The study was conducted in three big cities (with 100,000–300,000 inhabitants) located in the
most densely populated and urbanized area of Finland. In May 2016, we added greenery to four
daycare yards in Lahti and Tampere, and in May 2017 to two daycare yards in Espoo. These yards
were located in the city center or suburbs characterized by apartment buildings and high population
density. One month after greening the yards, the participating 3–5 years-old children gave blood and/or
microbial samples for analysis of blood leukocytes and skin and stool bacterial communities (data not
included in this article). The guardians of all participants gave their informed consent for inclusion
before the study. The study was conducted in accordance with the Declaration of Helsinki, and the
protocol was approved by the Ethics Committee of the Pirkanmaa Hospital District, Finland (R16040).
2.3. Data
Data collected in six daycare centers included surveys completed by personnel (teachers and child
nurses) and children’s parents, and interviews of personnel (Table 2). One month after greening the
yards in 2016 and 2017, 13 employees from the different daycare groups (including all participating
groups) completed a survey. It included both structured and open-ended questions related to the
children’s activities in the modified yards, their enthusiasm and contact with greenery, and the changes
that took place in the daycare center (e.g., ‘Describe your guided activities with the green materials’,
‘How excited the children in your group were about these activities?’, ‘Describe children’s excitement
in more detail (e.g., which has interested them and which has not?)’, ‘Describe children’s free play
and activities with the green materials (e.g., what different-aged children have done?)’, ‘Did the
green materials change children’s play in the daycare center?’). All questions concerned the whole
daycare group (12–24 children), not only the children who took part in the collection of blood and/or
microbial samples.
Table 2. Number of the survey respondents and interviewees in the study.
Survey Interview
Daycare personnel 13 12
Parents 49 0
Altogether 49 (of 60) parents of the children who participated in the data collection completed a
survey that included open-ended questions related to the green yards (i.e., ‘Has your child told about
the green materials at home? Has the child told about play or guided activities related to the green
materials? What has s/he told, and how has s/he reacted to the green materials?’ and ‘Other feedback
and ideas to develop green yards’).
Furthermore, twelve daycare employees from eight groups participated in individual or group
interviews, which lasted from ten to thirty minutes. In thematic interviews, the teachers and child
nurses were asked to describe the possible changes that took place after greening the yards—in
children’s play and other activities in the yard (quantitative and qualitative changes), in children’s and
employees’ interest in and knowledge of nature, in their perceived well-being, in their attitudes towards
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outdoor activities, and in general practices and atmosphere in the daycare center. The interviews were
tape-recorded and transcribed verbatim.
2.4. Analysis
Survey and interview data were first analyzed using qualitative content analysis to identify
different functional possibilities afforded by the green yards. We understood affordances as resources
that are available to the perceivers [50]. Thus, we classified the affordances that the children perceived
under six themes that were emerging from the data through analysis and coding. Second, we examined
how the functional possibilities supported the development of a dynamic relationship between the
children and their surroundings. At this phase, we pointed out different dynamic aspects originating
from the sketched themes of functional affordances. The dynamic aspects included embodied
experiences (e.g., jumping, lying on the ground), use of imagination (diverse imaginary plays), role of
sensuality (e.g., odours, fresh air, touching the ground), diverse learning situations (pedagogical targets
and information about nature), emotional involvement (daring, managing situations, excitement,
caring, and collectivity), exploration (e.g., examining bugs and plants), and involvement (practical
involvement, being dirty and wet).
Third, based on the six themes we summarized the dynamic aspects under three perspectives:
(1) Changes in the embodied experiences related to the yards; (2) involvement enhanced by the
greening; and (3) exploration supported by the greening. These aspects enabled us to analyze the
children’s contact with nature as a relational interaction, children and nature as interacting agents,
and the human-nature relationship as a dynamic and emotional relation rather than an object-subject
relation [53]. Furthermore, we were especially interested in observing ‘nature happiness’—how
dynamic and emotional ways of engaging with nature, or more precisely natural elements in this study,
impacted on the children’s well-being [53].
3. Results
We first briefly introduce the functional possibilities provided by the green, biodiverse daycare
yards. Then we expand our analysis to the dynamic aspects related to the greening by introducing in
detail the three summarized perspectives: Embodied experiences, involvement and exploration. These
perspectives are illustrated by the interview quotations of the daycare personnel (teachers or child
nurses).
3.1. Functional Affordances
During the one-month study period, a third of the participating groups organized guided,
teacher-led activities in the green yards on 4–5 days a week while a few only on 0–2 days a week.
Moreover, all participating groups spent free time in the yard twice a day just as they normally do.
Almost all daycare employees responded that the children were very excited or excited about the
green yards and spent a lot of time in contact with the forest floor mat, sod, peat blocks, and planters.
In general, the children were motivated to go outdoors, had spontaneous contact with the green
infrastructure, and easily found pleasant activities in the yard. Hence, green materials enabled various
functional affordances. We categorized the possibilities mentioned in the surveys or interviews under
six themes: Physical activity, multi-sensory experiences, diverse play, art and crafts, nature exploration,
and pre-academic skills (Table 3).
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Table 3. Functional affordances enabled by green daycare yards.
Environmental Qualities that Support Affordance Affordance
Physical activity
Sod, forest floor mat afforded rolling
creeping, crawling
doing somersaults, cartwheels, other physical movements
running, jumping
playing ball games/other active games
climbing, swinging 1
Peat blocks afforded jumping down/over
walking on
carrying, throwing
Multi-sensory experiences
Sod, forest floor mat, peat blocks, planters afforded touching, plucking
smelling
sensory exercises
Sod, forest floor mat, peat blocks afforded lying, sitting
Planters, forest floor mat afforded tasting
Forest floor mat afforded making sounds (sticks, cones), listening
Diverse play
Sod, forest floor mat afforded playing with toys (e.g., animals, cars)
pretend play (e.g., playing house, playing animals)
playing Kim’s game (memory game)
Peat blocks afforded building (e.g., walls, forts, huts)
Art and crafts
Forest floor mat, sod, planters afforded doing art and crafts
Nature exploration
Forest floor mat, sod, planters afforded searching for bugs, worms, snails, etc.
examining (using a magnifying glass)
observing, wondering
identifying species
learning concepts related to nature
Planters afforded planting, taking care of plants
Pre-academic skills
Forest floor mat, peat blocks afforded learning pre-math skills
learning pre-reading skills
1 soft ground.
3.2. Embodied Experiences
Based on the data, the forest floor mat, sod, peat blocks, and planters afforded embodied
experiences of green space for children. To begin with, the natural materials increased and diversified
the children’s physical activity in the daycare yards. The sod and forest floor mat enabled activities,
such as rolling, creeping, crawling, doing somersaults and cartwheels, or doing other physical
movements, which were not favored activities in the former yard covered mainly by gravel and asphalt
(Table 3). The peat blocks afforded jumping down or over, walking on, and carrying or throwing them.
One teacher believed that the forest floor mat benefitted small children’s motor development because
they had to raise their legs high when they walked on it. Furthermore, when the gravel under the
climbing frames or swings was replaced with vegetation, some children were encouraged to climb
or swing more. This illustrates the dynamic relationship between the perceiver of the affordances
and the perceived environment: How the world emerges alongside the emergence of the perceiver in
person [55] (p. 168).
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“Our bigger kids started on the sod, they just ran and rolled on it. It was just so lovely when they ran
up and rolled down it and just lay splayed out on the slope. There used to be such terrible, dry sand
there and it was dusty, the so-called lawn area. Now it’s inviting, and we’ve had blankets and books
on the sod, and they’ve kind of had ‘excursions’ there. And of course, all games of tag and other games
that the children have invented.” (Daycare center 5)
The greenery also increased opportunities for resting and relaxing in the yard—lying or sitting on the
soft ground and looking at the sky or listening to different sounds. The green yard enabled social
activities organized by daycare employees, such as reading stories or having a picnic. Children engaged
in sensory-based play, especially in teacher-led activities. They were in contact with natural materials
not only through the sense of touch, but also through smelling them and tasting grown vegetables
or forest plants, such as blueberries. Moveable, loose materials, such as sticks and cones, were used
to make sounds. Some teachers organized sensory exercises for the children, such as searching for
different shades of green in the yard. Furthermore, the greenery afforded fresh air; when areas covered
with mineral soil materials were replaced with the forest floor mat and sod, most employees felt that
the amount of dust in the yard decreased.
Overall, the employees and parents felt that the modified yards were pleasant as they looked and
smelled good. The greening of the yards had positive impacts on both the children’s and adults’ mood,
energy, and motivation in the daycare centers. Some daycare employees noticed that when the children
spent active, inspiring time outdoors, they had a good appetite at lunchtime, and slept more deeply
during their naps. This was considered to further benefit the children’s well-being and learning ability.
“Now it’s become very difficult to finish playing. They would rather continue, and those who need to
take a nap, they’ve had a nice, long time outdoors and nice games so they fall asleep more easily, and
it affects their energy in the afternoon. Some children have very long days here. They come in the
morning and stay until five o’clock; they seem to be somehow energetic and lively in the yard. This is
new for us. The contrast to the previous yard is so great that the effects can be seen here very quickly.”
(Daycare center 6)
The embodied engagement with the forest floor mat, sod, peat blocks, and planters afforded children
to dare to test their skills and capacities in new forms. The greening of the yards also enabled them
to engage with the “natural” rhythms originating from their own bodies—for instance, tiredness,
managing strengths and hungriness. The dynamic relationship that develops through this engagement
can help in perceiving one’s own body in new ways through both practical and emotional involvement,
and increase self-esteem, for instance.
3.3. Involvement
The green materials inspired the children’s play and enabled them to use their imagination in the
yards. The children used the forest floor mat and sod as a playground for toys, but their play without
toys also increased as they spontaneously engaged more in creative play and imaginative role-playing
(Table 3). They built walls, forts and huts from the peat blocks, and collected loose parts, such as
sticks and cones from the forest floor mat for their games (e.g., cooking food). Guided by the daycare
personnel, they used plants, sticks, cones and twigs to do arts and crafts. The teachers and child nurses
could feed the children’s imagination by giving them ideas for play and bringing cones and other loose
parts from the forest to the yard. When the children got used to playing with natural materials, they
invented new ways in which to use them, which further expanded their opportunities for creative play
and enhancing well-being.
“The children also invent themselves; when they have stimulus for their eyes, children invent it
[activity] without your help. And it should be like this; some part should be like this. But you need to
have stimulus. It’s not enough to have a brown yard and a climbing frame. So, it [green yard] added
somehow; they definitely had good games. They pretended that they had a campfire, they got the stones
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and pretended that they were on a trip. And their imagination was in use there, and when children use
their brains, natural tiredness arises, and it did them good, a lot of good. Then rest comes naturally,
and you have a good appetite and we’re in the positive cycle. So they could use their imagination, and
we encouraged them. We didn’t prohibit them, we just advised them not to rip anything.” (Daycare
center 1)
The children also got involved with the green yards by looking after the plants and vegetation. They
planted vegetables and flowers in the planters and watered and took care of them with the help of
the adults; in some daycare centers, children also participated in hosing the forest floor mat and sod.
The practical involvement with natural materials while caring for them—having one’s hands in soil,
getting dirty and wet—enables children to get involved in feelings related to care, especially caring for
their surrounding environment [63].
Furthermore, being in contact with nature and caring for it develops practical relationships in the
form of becoming skilled in dressing to suit outdoor conditions. One daycare employee described how
the parents seemed surprised that they had to equip their children with waterproof clothing even when
it was not raining—because of the dew in the greenery. These kinds of small details related to everyday
interactions with nature are highlighted in intensive involvement, but are important in enabling the
development of everyday relationships with nature. One child told the nurse that the plants would
grow now because they were wet. This illustrates how caring became a process of engaging and
understanding through involvement in taking care of the yard.
“They [children] go to water them [plantings], yes. Sometimes even too eager, if it’s raining. But it
clearly becomes significant when the children participate in it and have done it themselves rather than
if it had just been put there. [ . . . ] When they have put it there themselves, it’s also important for
them, and they go to see how they have grown and things like that. So it’s absolutely their project.”
(Daycare center 6)
The children’s emotional involvement with the green yards was illustrated by their enthusiasm to take
care of the plantings. Some daycare employees also thought that the green yard increased the sense of
community in the daycare center, as it was something new, pleasant and inspiring that they could all
enjoy, and taking care of the yard was partly their responsibility. Some employees were willing to use
their own time to water the plants; they were keen to take care of their work environment and make it
more pleasant for everyone.
3.4. Exploration
The green yards afforded the children exploration and diverse learning situations by providing
opportunities for various activities and things to observe. Teachers used natural materials in
environmental education, and the yards also enabled the children’s self-guided exploration and
exploratory play. The children obtained information about nature when, for instance, they examined
green materials with magnifying glasses, searched for bugs or worms, or identified different species
on the forest floor mat with the adults’ help (Table 3). Children did this not only to learn; they also
spontaneously did things like lie on the ground and observed the greenery. Planting vegetables or
flowers and taking care of them enabled children to observe plant growth and raised various questions.
These kinds of positive learning experiences may have positive impacts on children’s moods. When
the daycare employees saw the children’s enthusiasm and the benefits of their contact with nature,
they were more motivated to spend time outdoors and organize nature-based activities in the yard and
trips to nearby forests.
“Especially about the forest floor mat, I remember that our children kept asking, ‘what is it’ and
‘what’s growing there’, and explored it very carefully; they were almost lying on their stomachs there.
Especially the older ones, and they had a lot of questions about it.” (Daycare center 3)
Int. J. Environ. Res. Public Health 2019, 16, 2948 10 of 16
The exploration of the green yards was a relational and situational process. One of the teachers
illustrated this by telling us that after the green yards were installed, the children’s questions emerged
so fast that she was happy that they had iPads and could search for information to answer the questions.
Hence, the dynamic and situational engagement encouraged both children and adults to explore
further and receive stimulus from the yard and the internet. In this way, the use of technology became
intertwined with the use of the environment; it was not only seen as an activity that contradicts being
outdoors. In addition to searching for information on portable computers, the daycare employees
instructed children to bring insects inside in pots and examine them up close.
Loose materials, such as sticks, cones, and peat blocks, also enabled learning pre-academic skills,
for instance, counting or recognizing different shapes or letters. The greening of the yard helped make
these activities originate from the children themselves and from their own experiences, their own
life-worlds [52]. The children could identify details in the yards, and the teachers and child nurses
could use these as a starting point for learning and teaching situations.
“You could find cones and sticks there [forest floor mat], and for some reason these sticks are absolutely
fantastic when you have a lot of them. Our old trees drop a lot of sticks during storms. And then
we just said, for instance, ‘look for three sticks’, and then they were searching for various colours or
shapes in pairs, ‘look for three of this and four of that’. So we could take a lot of content from this for
activities. For learning mathematics and language . . . ” (Daycare center 1)
A few daycare employees pointed out that for some children, the trips to forests organized in the
daycare center was their only everyday connection to the natural environment, as many came from
families that mainly spent time in the city environment and shopping centers. Especially for these
children, the greening of the daycare yard opened up new possibilities for everyday exploration—and
the foundation for an environmental relationship and responsibility [30].
4. Discussion
4.1. Multiple Affordances of Green Yards
In this study, we indicated how green yards with diverse vegetation and high microbial
load encourages children’s engagement with their everyday life-worlds in urban daycare centers.
Affordances provide opportunities for not only functional actions, but also emotional experiences and
psychological behaviors that can improve mental health and well-being [64]. First, we identified the
various functional opportunities that the greening of the yards afforded the children; then we presented
the dynamic aspects related to the greening from three main perspectives: Embodied experiences,
involvement and exploration. Based on our results, the dynamic and emotional ways of engaging
with nature enhance children’s well-being in daycare centers. Well-being is often derived through
pleasant sensations and embodied experiences, such as breathing in the fresh air, smelling, or feeling
nature [65]. Everyday experiences of engaging with nature situated in a daycare yard can open up
possibilities not only for the well-being of the children, but also for the well-being of their environment.
This well-being derives from personal involvement and emotional engagement in caring for our
life-worlds [52,63]. Hence, environmental relationships appear to be constructed through diverse
everyday dynamics: Through involvement, excitement, fascination—and becoming skilled in acting
and being in the natural environment.
It has been suggested that positive, restorative experiences in the natural environment evoke
a will to protect nature and promote environmental responsibility [30]. Here, the development of
the environmental relationship is seen to be based on both the embodied and collective experiences
in green yards and cognitive learning and exploration. Connectedness and involvement are often
constructed through autotelic practices—practices that seem to have no goal or point, such as collecting
cones or branches, organizing stones in different formations, or just lying down [52]. Intense use of
green settings is considered to make places emotionally charged for children; our results confirmed
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that activities, such as planting, are hands-on activities that children value as meaningful. Greenery
is associated with place attachment, which makes children more prepared to take on a long-lasting
responsibility for their environment [31]. Just as Laaksoharju and Rappe [49] highlighted the role of
trees as affordances for connectedness to place, green daycare or schoolyards may enable connectedness
to place for children—and finally connectedness to nature.
Our study indicated that the green yard turned out to be a new useful working tool for teachers
and child nurses. They used natural materials in various activities which they linked to the wider
pedagogic goals of early childhood education. Green daycare or school grounds can be used as sites
for outdoor learning as they provide a setting for hands-on, experimental learning [34]. While planters
mostly enable teacher-led activities, forest floor vegetation, sod, and peat blocks also give inspiration
for children’s self-guided and spontaneous play. The role of free play is emphasized as a key to a more
bodily, emotional and sensuous interaction with nature [47,53]. Our study showed the importance of
the microbially diverse, loose and modifiable elements that children could explore and manipulate in
the yard. Peat blocks, sticks and cones were used in imaginative ways in constructive and symbolic
play [26,31]. When planting vegetables or flowers, the children were practically involved with their
everyday environment—their hands in the dirt, hosting billions of bacteria per gram. These results
draw upon Nicholson’s [66] theory of loose parts which stresses that including variables or loose parts
in the environment offers many opportunities for play and stimulates creativity that is unlikely to be
found in settings with fixed elements. Children’s opportunities to manipulate their environment and
build things provide several benefits, such as enhanced environmental learning and sense of place [24].
4.2. Implications
The importance of daycare and schoolyards for children’s unorganized “free” play and contact with
the green environment is highlighted in urbanized societies, where children’s nature experiences are to
an increasing degree organized by adults [2,53]. For instance, the findings of Zamani [25,26] suggest
incorporating natural elements in playgrounds, as natural zones offered the most diverse spectrum
of cognitive play and were supportive of different learning styles compared to the manufactured
zone which offered the most functional and non-play behaviors. Based on our findings, such
a spectrum of play with natural elements is also likely to increase the level of interaction with
environmental microbiota. It is recommended that biodiverse, low-maintenance spaces are designed,
which invite children to use green spaces according to their needs and allow child-directed, place-based
playtime [49]. According to Fjørtoft and Sageie [38], the diversity of vegetation and topography is an
important criterion in the planning and management of playscapes for children as it corresponded to
function-related structures that afforded versatile play in natural playscapes.
Microbial diversity should also be taken into account when designing playgrounds as exposure to
diverse environmental microbial communities has been shown to diversify the commensal microbiota
and improve immunoregulation [45]. Our study indicated that it is possible to design green yards in a
way that increases the diversity and abundance of safe health-associated environmental microbiota.
All practical involvement, direct contact with natural materials enhances children’s exposure to
environmental microbiota; a previous study in Finland [67] found higher skin microbiota diversity and
the most dissimilar microbiota community composition in the children who attended nature-oriented
daycare center compared to children in city-center or conventional daycare centers. Our study showed
that green, biodiverse materials inspire children to play with, explore and manipulate them. If the
novelty starts to wear off, teachers and child nurses may feed children’s imagination by giving them
ideas and additional materials for play.
Current safety regulations substantially influence the design of daycare and school grounds.
Meanwhile, playgrounds may have become less challenging and interesting for children [68]. The lack
of empirical research on injuries has been seen as a major barrier to promoting change in playgrounds’
safety regulations [21]. In Finland, European Standards define specific safety requirements for
playground equipment and protective surfacing that is meant for covering the base of playground
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equipment to reduce any impact from falls. In some of the daycare centers in this study, the green
ground—forest floor mat or sod—was considered safer than the normally used ‘safe gravel’, which
may easily cause wounds when children fall on it. The feeling of safety attached to natural elements
was also illustrated by some children’s increased courage to climb or swing above the green ground.
Through engagement with green yards, children develop practical skills of acting and being in natural
environments, and this may further help make trips outside the classroom safer [47].
Bell and Dyment [20] conclude that school grounds affect all dimensions of children’s health, and if
they are thoughtfully designed, they can become an essential factor in promoting health. Daycare yards
and playgrounds within residential areas are even more important for children’s healthy everyday
habits, since smaller children’s opportunities to spend time in the natural environment are dependent
on their families. Recent guidelines to create and maintain natural areas for children [69] should be
complemented by taking into account the environment’s microbiota-human commensal microbiota and
health nexus [70]. In practice, the decision-making processes related to designing playgrounds are often
driven by external constraints, such as budgets, licensing and space limitations, rather than children’s
educational or health requirements [21]. To promote the greening of playgrounds, cities should see the
higher installation and maintenance costs as investments in children’s healthy development rather
than as extra costs. Our study indicated that the greening of daycare yards could be realized with
reasonable effort and expense. Thus, there is a potential for widespread dissemination of the results.
Informing planners, decision-makers, officials, and employees of the benefits of green cover are needed
to enhance the willingness to design green yards and protect any existing vegetation in the building
phase. Since forest floor vegetation is a slowly-renewable natural resource which erodes in highly used
playgrounds, other microbially diverse landscaping materials are currently in development [44,45].
5. Conclusions
By combining the concept of affordance with measurements of microbial diversity in a novel way,
we identified both the functional opportunities provided by the green daycare yards and the different
dynamic aspects related to the greening. This study conducted in 13 groups in six urban daycare centers
in Finland showed that the green yards inspired 3–5 years-old children’s play, increased their physical
activity, and exposed children to high environmental biodiversity. The forest floor mat, sod, peat blocks,
and planters offered embodied experiences of nature and enabled children’s multi-sensory exploration
and diverse learning situations. The green materials encouraged both children’s spontaneous play and
teacher-led activities linked to wider pedagogic goals. The dynamic and emotional ways of engaging
with the natural environment enhanced the children’s well-being in the daycare centers—illustrated
by positive impacts on mood, energy and motivation. The practical and emotional involvement with
the green yards enabled the children to become skillful in using the natural environment as a play
environment, in both imaginary play and physical activities. Furthermore, activities related to caring
for the green yards and exploring them enhanced the development of environmental relationships and
may lead to more responsible attitudes towards the natural environment.
The study results can be used in urban planning for designing biodiverse, health-enhancing yards
at daycare centers and schools and other playgrounds. Compared to the previous greening projects,
this study highlighted the importance of taking into account microbial diversity when designing
playgrounds. Practical involvement with natural materials enhances children’s exposure to diverse
environmental microbiota, which is associated with benefits to the immune system and health.
The limitations of this study are related to the collection of only survey and interview data based
on daycare employees’ and parents’ observations and perceptions of the greening. In the future, more
participatory research based on direct observation methods is needed in order to analyze in detail
how children use green yards and what kind of affordances natural materials enable. The dynamic
engagement should be studied not only from the perspective of children and green materials, but also
from that of the personnel and children acting together in the green yards, for instance, how changes
in children’s and adults’ moods are connected to each other, and how green yards also motivate adults
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and affect their practices. The qualitative analysis could be mixed with quantitative methods, such as
using accelerometers or video observations to analyze the children’s activities in the green yards and
comparing them to those in traditional yards [27]. We also encourage further studies to confirm the
relationships between environmental microbiota, human commensal microbiota, and physical and
mental health.
Author Contributions: Conceptualization, R.P. and A.S.; methodology, R.P., O.R. and A.S.; software, M.I.R.;
validation, R.P. and O.R.; formal analysis, R.P., O.R. and M.I.R.; investigation, R.P. and M.I.R.; data curation, R.P.
and M.I.R.; writing—original draft preparation, R.P. and O.R.; writing—review and editing, R.P., O.R., M.I.R., J.R.,
O.H.L. and A.S.; visualization, R.P. and M.I.R.; supervision, A.S.; project administration, A.S.; funding acquisition,
A.S., R.P., O.H.L. and J.R.
Funding: This research was funded by TEKES (currently Business Finland), grant number 40333/14 and Helsinki
Metropolitan Region Urban Research Program.
Acknowledgments: We would like to thank Emma Marjamäki for collecting the interviews. We also gratefully
acknowledge all families and daycare centers that took part in the study and the cities of Espoo, Lahti and Tampere.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.
References
1. Fyhri, A.; Hjorthol, R.; Mackett, R.L.; Nordgaard Fotel, T.; Kyttä, M. Children’s active travel and independent
mobility in four countries: Development, social contributing trends and measures. Transp. Policy 2011, 18,
703–710. [CrossRef]
2. Skar, M.; Krogh, E. Changes in children’s nature-based experiences near home: From spontaneous play to
adult-controlled, planned and organised activities. Child. Geogr. 2009, 7, 339–354. [CrossRef]
3. Logan, A.C.; Prescott, S.L.; Haahtela, T.; Katz, D.L. The importance of the exposome and allostatic load in the
planetary health paradigm. J. Physiol. Anthropol. 2019, 37, 15. [CrossRef] [PubMed]
4. Chawla, L. Benefits of nature contact for children. J. Plan. Lit. 2015, 30, 433–452. [CrossRef]
5. Kabisch, N.; van den Bosch, M.; Lafortezza, R. The health benefits of nature-based solutions to urbanization
challenges for children and the elderly—A systematic review. Environ. Res. 2017, 159, 362–373. [CrossRef]
[PubMed]
6. Keniger, L.; Gaston, K.; Irvine, K.N.; Fuller, R. What are the benefits of interacting with nature? Int. J. Environ.
Res. Public Health 2013, 10, 913–935. [CrossRef] [PubMed]
7. Hartig, T.; Mang, M.; Evans, G.W. Restorative effects of natural environment experiences. Environ. Behav.
1991, 23, 3–26. [CrossRef]
8. Kaplan, R. The nature of the view from home: Psychological benefits. Environ. Behav. 2001, 33, 507–542.
[CrossRef]
9. Kuo, F.E.; Sullivan, W.C. Aggression and violence in the inner city. Effects of environment via mental fatigue.
Environ. Behav. 2001, 33, 543–571. [CrossRef]
10. Dadvand, P.; Nieuwenhuijsen, M.J.; Esnaola, M.; Forns, J.; Basagaña, X.; Alvarez-Pedrerol, M.; Rivas, I.;
López-Vicente, M.; De Castro Pascual, M.; Su, J.; et al. Green spaces and cognitive development in primary
schoolchildren. PNAS 2015, 112, 7937–7942. [CrossRef]
11. Kuo, F.E.; Faber Taylor, A. A potential natural treatment for attention-deficit/hyperactivity disorder: Evidence
from a national study. Am. J. Public Health 2004, 94, 1580–1586. [CrossRef] [PubMed]
12. Van den Berg, A.E.; Koole, S.L.; van der Wulp, N.Y. Environmental preference and restoration: (How) are
they related? J. Environ. Psychol. 2003, 23, 135–146. [CrossRef]
13. Wells, N.M.; Evans, G.W. Nearby nature. A buffer of life stress among rural children. Environ. Behav. 2003,
35, 311–330. [CrossRef]
14. Almanza, E.; Jerrett, M.; Dunton, G.; Seto, E.; Pentz, M.A. A study of community design, greenness, and
physical activity in children using satellite, GPS and accelerometer data. Health Place 2012, 18, 46–54.
[CrossRef] [PubMed]
15. Hannaford, C. Smart Moves: Why Learning is not All in Your Head; Great Ocean Publishers: Arlington, VA,
USA, 1995.
Int. J. Environ. Res. Public Health 2019, 16, 2948 14 of 16
16. Aerts, R.; Honnay, O.; Van Nieuwenhuyse, A. Biodiversity and human health: Mechanisms and evidence of
the positive health effects of diversity in nature and green spaces. Br. Med. Bull. 2018, 127, 5–22. [CrossRef]
[PubMed]
17. Ege, M.J.; Mayer, M.; Schwaiger, K.; Mattes, J.; Pershagen, G.; van Hage, M.; Scheynius, A.; Bauer, J.;
von Mutius, E. Environmental bacteria and childhood asthma. Allergy Eur. J. Allergy Clin. Immunol. 2012, 67,
1565–1571. [CrossRef] [PubMed]
18. Hanski, I.; von Hertzen, L.; Fyhrqvist, N.; Koskinen, K.; Torppa, K.; Laatikainen, T.; Karisola, P.; Auvinen, P.;
Paulin, L.; Mäkelä, M.J.; et al. Environmental biodiversity, human microbiota and allergy are interrelated.
PNAS 2012, 109, 8334–8339. [CrossRef]
19. Rieder, R.; Wisniewski, P.J.; Alderman, B.L.; Campbell, S.C. Microbes and mental health: A review. Brain Behav.
Immun. 2017, 66, 9–17. [CrossRef] [PubMed]
20. Bell, A.C.; Dyment, J.E. Grounds for health: The intersection of green school grounds and health-promoting
schools. Environ. Educ. Res. 2008, 14, 77–90. [CrossRef]
21. Cosco, N.G. Developing evidence-based design: Environmental interventions for healthy development of
young children in the outdoors. In Open Space: People Space; Ward Thompson, C., Travlou, P., Eds.; Taylor
and Francis: London, UK, 2007; pp. 125–135.
22. Dyment, J.E.; Bell, A.C. Grounds for movement: Green school grounds as sites for promoting physical
activity. Health Educ. Res. 2008, 23, 952–962. [CrossRef]
23. Lucas, A.J.; Dyment, J.E. Where do children choose to play on the school ground? The influence of green
design. Educ. 3-13 Int. J. Prim. Elem. Early Years Educ. 2010, 38, 177–189. [CrossRef]
24. Tranter, P.J.; Malone, K. Geographies of environmental learning: An exploration of children’s use of school
grounds. Child. Geogr. 2004, 2, 131–155. [CrossRef]
25. Woolley, H.; Lowe, A. Exploring the relationship between design approach and play value of outdoor play
spaces. Landsc. Res. 2013, 38, 53–74. [CrossRef]
26. Zamani, Z. The woods is a more free space for children to be creative; their imagination kind of sparks out
there’: Exploring young children’s cognitive play opportunities in natural, manufactured and mixed outdoor
preschool zones. J. Adventure Educ. Outdoor Learn. 2016, 16, 172–189. [CrossRef]
27. Herrington, S.; Brussoni, M. Beyond physical activity: The importance of play and nature-based play spaces
for children’s health and development. Curr. Obes. Rep. 2015, 4, 477–483. [CrossRef] [PubMed]
28. Jansson, M.; Gunnarsson, A.; Mårtensson, F.; Andersson, S. Children’s perspectives on vegetation
establishment: Implications for school ground greening. Urban For. Urban Green. 2014, 13, 166–174.
[CrossRef]
29. Mårtensson, F.; Jansson, M.; Johansson, M.; Raustorp, A.; Kylin, M.; Boldemann, C. The role of greenery for
physical activity play at school grounds. Urban For. Urban Green. 2014, 13, 103–113. [CrossRef]
30. Collado, S.; Corraliza, J.A. Children’s restorative experiences and self-reported environmental behaviors.
Environ. Behav. 2015, 47, 38–56. [CrossRef]
31. Chawla, L.; Keena, K.; Pevec, I.; Stanley, E. Green schoolyards as havens from stress and resources for
resilience in childhood and adolescence. Health Place 2014, 28, 1–13. [CrossRef]
32. Mårtensson, F.; Boldemann, C.; Söderström, M.; Blennow, M.; Englund, J.E.; Grahn, P. Outdoor environmental
assessment of attention promoting settings for preschool children. Health Place 2009, 15, 1149–1157. [CrossRef]
33. Van Dijk-Wesselius, J.E.; Maas, J.; Hovinga, D.; van Vugt, M.; van den Berg, A.E. The impact of greening
schoolyards on the appreciation, and physical, cognitive and social-emotional well-being of schoolchildren.
Landsc. Urban Plan. 2018, 180, 15–26. [CrossRef]
34. Dyment, J.E. Green school grounds as sites for outdoor learning: Barriers and opportunities. Int. Res. Geogr.
Environ. Educ. 2005, 14, 28–45. [CrossRef]
35. Matsuoka, R.H. Student performance and high school landscapes: Examining the links. Landsc. Urban Plan.
2010, 97, 273–282. [CrossRef]
36. Boldemann, C.; Blennow, M.; Dal, H.; Mårtensson, F.; Raustorp, A.; Yuen, K.; Wester, U. Impact of preschool
environment upon children’s physical activity and sun exposure. Prev. Med. 2006, 42, 301–308. [CrossRef]
[PubMed]
37. Dyment, J.E.; Bell, A.C. Active by design: Promoting physical activity through school ground greening.
Child. Geogr. 2007, 5, 463–477. [CrossRef]
Int. J. Environ. Res. Public Health 2019, 16, 2948 15 of 16
38. Fjørtoft, I.; Sageie, J. The natural environment as a playground for children. Landscape description and
analyses of a natural playscape. Landsc. Urban Plan. 2000, 48, 83–97. [CrossRef]
39. Corraliza, J.A.; Collado, S.; Bethelmy, L. Children’s perceived restoration: Adaptation of the PRCS for
children to a Spanish sample. Psyecology Rev. Biling. de Psicol. Ambient. Biling. J. Environ. Psychol. 2012, 3,
195–204. [CrossRef]
40. Kelz, C.; Evans, G.W.; Röderer, K. The restorative effects of redesigning the schoolyard. Environ. Behav. 2015,
47, 119–139. [CrossRef]
41. Bagot, K.L.; Allen, F.C.L.; Toukhsati, S. Perceived restorativeness of children’s school playground
environments: Nature, playground features and play period experiences. J. Environ. Psychol. 2015,
41, 1–9. [CrossRef]
42. Söderström, M.; Boldemann, C.; Sahlin, U.; Mårtensson, F.; Raustorp, A.; Blennow, M. The quality of the
outdoor environment influences children’s health – A cross-sectional study of preschools. Acta Paedriatrica
2013, 102, 83–91. [CrossRef] [PubMed]
43. Grönroos, M.; Parajuli, A.; Laitinen, O.H.; Roslund, M.I.; Vari, H.K.; Hyöty, H.; Puhakka, R.; Sinkkonen, A.
Short-term direct contact with soil and plant materials leads to an immediate increase in the diversity of skin
microbiota. MicrobiologyOpen 2019, 8, e645. [CrossRef] [PubMed]
44. Hui, N.; Grönroos, M.; Roslund, M.I.; Parajuli, A.; Vari, H.K.; Soininen, L.; Laitinen, O.H.; Sinkkonen, A.
The ADELE research group. Diverse environmental microbiota as a tool to augment biodiversity in urban
landscaping materials. Front. Microbiol. 2019, 10, 536. [CrossRef]
45. Nurminen, N.; Lin, J.; Grönroos, M.; Puhakka, R.; Kramna, L.; Vari, H.K.; Viskari, H.; Oikarinen, S.;
Roslund, M.; Parajuli, A.; et al. Nature-derived microbiota exposure as a novel immunomodulatory approach.
Future Microbiol. 2018, 13, 737–744. [CrossRef] [PubMed]
46. Gibson, J. The Ecological Approach to Visual Perception; Lawrence Erlbaum Associates: New Jersey, NJ, USA,
1986; Originally published in 1979.
47. Gurholt, K.P.; Sanderud, J.R. Curious play: Children’s exploration of nature. J. Adventure Educ. Outdoor Learn.
2016, 16, 318–329. [CrossRef]
48. Kyttä, M. Children in Outdoor Contexts. Affordances and Independent Mobility in the Assessment of Environmental
Child Friendliness; Helsinki University of Technology, Centre for Urban and Regional Studies A 28: Espoo,
Finland, 2003; Available online: http://urn.fi/urn:nbn:fi:tkk-001620 (accessed on 7 March 2019).
49. Laaksoharju, T.; Rappe, E. Trees as affordances for connectedness to place—A framework to facilitate
children’s relationship with nature. Urban For. Urban Green. 2017, 28, 150–159. [CrossRef]
50. Niklasson, L.; Sandberg, A. Children and the outdoor environment. Eur. Early Child. Educ. Res. J. 2010, 18,
485–496. [CrossRef]
51. Rietveld, E.; Kiverstein, J. A rich landscape of affordances. Ecol. Psychol. 2014, 26, 325–352. [CrossRef]
52. Rautio, P. Children who carry stones in their pockets: On autotelic material practices in everyday life.
Child. Geogr. 2013, 11, 394–408. [CrossRef]
53. Skar, M.; Gundersen, V.; O’Brien, L. How to engage children with nature: Why not just let them play?
Child. Geogr. 2016, 14, 527–540. [CrossRef]
54. Ingold, T. Being Alive. Essays on Movement, Knowledge and Description; Routledge: London, UK, 2011.
55. Ingold, T. The Perception of the Environment. Essays on Livelihood, Dwelling and Skill; Routledge: London, UK,
2000.
56. Parajuli, A.; Grönroos, M.; Siter, N.; Puhakka, R.; Vari, H.K.; Roslund, M.I.; Jumpponen, A.; Nurminen, N.;
Laitinen, O.H.; Hyöty, H.; et al. Urbanization reduces transfer of diverse environmental microbiota indoors.
Front. Microbiol. 2018, 9, 84. [CrossRef]
57. Płociniczak, T.; Sinkkonen, A.; Romantschuk, M.; Sułowicz, S.; Piotrowska-Seget, Z. Rhizospheric bacterial
strain Brevibacterium casei MH8a colonizes plant tissues and enhances Cd, Zn, Cu phytoextraction by white
mustard. Front. Plant Sci. 2016, 7, 101. [CrossRef] [PubMed]
58. Roslund, M.I.; Grönroos, M.; Rantalainen, A.L.; Jumpponen, A.; Romantschuk, M.; Parajuli, A.; Hyöty, H.;
Laitinen, O.; Sinkkonen, A. Half-lives of PAHs and temporal microbiota changes in commonly used urban
landscaping materials. Peer J. 2018, 6, e4508. [CrossRef] [PubMed]
59. Parajuli, A.; Grönroos, M.; Kauppi, S.; Płociniczak, T.; Roslund, M.I.; Galitskaya, P.; Laitinen, O.H.; Hyöty, H.;
Jumpponen, A.; Strömmer, R.; et al. The abundance of health-associated bacteria is altered in PAH polluted
soils – Implications for health in urban areas? PLoS ONE 2017, 12, e0187852. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2019, 16, 2948 16 of 16
60. Sinkkonen, A.; Kauppi, S.; Simpanen, S.; Rantalainen, A.L.; Strömmer, R.; Romantschuk, M. Layer of
organic pine forest soil on top of chlorophenol contaminated mineral soil enhances contaminant degradation.
Environ. Sci. Pollut. Res. 2013, 20, 1737–1745. [CrossRef] [PubMed]
61. Knip, M.; Siljander, H. The role of the intestinal microbiota in type 1 diabetes mellitus. Nat. Rev. Endocrinol.
2016, 12, 154–167. [CrossRef] [PubMed]
62. Ruokolainen, L.; von Hertzen, L.; Fyhrquist, N.; Laatikainen, T.; Lehtomäki, J.; Auvinen, P.; Karvonen, A.M.;
Hyvärinen, A.; Tillmann, V.; Niemelä, O.; et al. Green areas around homes reduce atopic sensitization in
children. Allergy Eur. J. Allergy Clin. Immunol. 2015, 70, 195–202. [CrossRef] [PubMed]
63. Puig de la Bellacasa, M. Matters of Care: Speculative Ethics in More than Human Worlds; University of Minnesota
Press: Minneapolis, MN, USA, 2017.
64. Brymer, E.; Davids, K.; Mallabon, L. Understanding the psychological health and well-being benefits of
physical activity in nature: An ecological dynamics analysis. Ecopsychology 2014, 6, 189–197.
65. Puhakka, R.; Pitkänen, K.; Siikamäki, P. Health and well-being impacts of protected areas in Finland. J. Sustain.
Tour. 2017, 25, 1830–1847. [CrossRef]
66. Nicholson, S. How not to cheat children: The theory of loose parts. Landsc. Archit. 1971, 62, 30–35.
67. Lehtimäki, J.; Laatikainen, T.; Karkman, A.; von Hertzen, L.; Haahtela, T.; Hanski, I.; Ruokolainen, L.
Nature-oriented daycare diversifies skin microbiota in children - No robust association with allergies.
Pediatric Allergy Immunol. 2018, 29, 318–321. [CrossRef]
68. Copeland, K.A.; Sherman, S.N.; Kendeigh, C.A.; Kalkwarf, H.J.; Saelens, B.E. Societal values and policies
may curtail preschool children’s physical activity in child care centers. Pediatrics 2012, 129, 1–10. [CrossRef]
[PubMed]
69. Moore, R.C. Natural Play & Learning Places. Creating and Managing Places Where Children Engage with Nature;
Natural Learning Initiative: Raleigh, NC, USA; National Wildlife Federation: Reston, VA, USA, 2014.
70. Roslund, M.I.; Rantala, S.; Oikarinen, S.; Puhakka, R.; Hui, N.; Parajuli, A.; Laitinen, O.H.; Hyöty, H.;
Rantalainen, A.L.; Sinkkonen, A. Endocrine disruption and commensal bacteria alteration associated with
gaseous and soil PAH contamination among daycare children. Environ. Int. 2019, 130, 104894. [CrossRef]
[PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
